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(57) ABSTRACT 

A computer system includes a port duplex driver (PDD) that 
creates a "virtual SCSI adaptor," to control the operations of 
one or more redundant SCSI adaptors. During boot-up 
operations or when the status of a device on a SCSI bus 
changes, the PDD identifies the virtual SCSI adaptor as the 
only adaptor that provides access to particular storage 
devices on the SCSI bus. System components then direct 
data transfer operations through the virtual SCSI adaptor to 
the storage devices. The PDD intercepts commands that are 
directed through the virtual SCSI adaptor, and redirects the 
commands to a selected one of the actual SCSI adaptors. The 
selected SCSI adaptor then operates in a conventional 
manner, to translate the generic commands from the system 
components to device-specific commands for the storage 
devices on the SCSI bus. If the selected SCSI adaptor fails, 
the PDD redirects the data transfer operations instead 
through one of the redundant SCSI adaptors. The failure 
does not affect the remainder of the system, which continues 
to conduct data transfer operations through the virtual SCSI 
adaptor. 

13 Claims, 8 Drawing Sheets 
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A PLUG AND PLAY MANAGER ASKS A PCI 
BUS DRIVER TO ENUMERATE THE PCI BUS 
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THE PCI BUS DRIVER RETURNS A LIST 
CONTAINING SCSI ADAPTORS 
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A PLUG AND PLAY MANAGER ASSIGNS A MINI-PORT 
DRIVER TO THE SCSI ADAPTORS AND ASKS THE MINI- 
PORT DRIVER TO ENUMERATE THE SCSI BUS 
SEPARATELY THROUGH EACH ADAPTOR 
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THE PLUG AND PLAY MANAGER RECEIVES A LIST FOR 
EACH SCSI ADAPTOR THAT INCLUDES STORAGE 
DEVICES IDENTIFIED AS SCSI OTHER DEVISES 
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THE PLUG AND PLAY MANAGER ASSIGNS THE PDD TO 
CONTROL THE SCSI OTHER DEVICES 
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THE PLUG AND PLAY MANAGER ASKS THE PDD TO 
ENUMERATE THE SCSI OTHER DEVICES 
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THE PDD ENUMERATES A SCSI OTHER DEVICE BY SENDING 
A QUERY THROUGH THE ASSOCIATED SCSI ADAPTOR 
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THE PDD RECEIVES FROM THE STORAGE DEVICE A 
RESPONSE THAT CONTAINS THE DEVICE SERIAL NUMBER 



-404 
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HAS THE PDD QUERIED THIS DEVICE 
BEFORE THROUGH A DIFFERENT PATH 



THE PDD 
DETERMINES 
THE SCSI BUS 
IS DUAL 
INITIATED 
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FIG. 4 



THE PDD CREATES A NEW SCSI-CLASS 
DEVICE FOR THE VIRTUAL SCSI ADAPTOR 
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THE PDD NOTIFIES THE PLUG AND PLAY MANAGER THAT 
THE CONFIGURATION OF THE VIRTUAL SCSI ADAPTOR 
HAS CHANGED 
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the pdd maps the scsi other device to the associated 
scsi device attached to the virtual scsi adaptor 
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THE PDD TELLS THE PLUG AND PLAY MANAGER THAT NO 
DEVICES ARE ATTACHED TO THE SCSI-OTHER DEVICES 
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THE PLUG AND PLAY MANAGER 
REQUESTS THAT THE PDD ENUMERATE 
THE VIRTUAL SCSI ADAPTOR 



500 



THE PDD RETURNS A LIST OF THE SCSI 
DEVICES KNOWN TO THE PDD 
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THE PLUG AND PLAY MANAGER ASSIGNS 
SCSI-CLASS DRIVERS TO THE LISTED 
DEVICES 
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THE PLUG AND PLAY MANAGER ASKS 
THE SCSI-CLASS DRIVERS TO 
ENUMERATE THE LISTED DEVICES 
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THE PLUG AND PLAY AND/OR MINIPORT 
DRIVER IDENTIFY THE LISTED DEVICES 
TO THE OPERATING SYSTEM 
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THE PLUG AND PLAY MANAGER RECEIVES A MESSAGE THAT 
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THE PLUG AND PLAY MANAGE 
ADAPTOR AND THE ASSOCIATED 
LIST OF DEVICES ACCES 


R REMOVES THE FAILED SCSI 
SCSI OTHER DEVICES FROM ITS 
SIBLE OVER THE PCI BUS 
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THE PLUG AND PLAY MANAGER INFORMS THE PDD OF THE 
REMOVAL OF EACH SCSI-OTHER DEVICE 
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PLUG AND PLAY INFORMS THE MINIPORT DRIVER OF THE 
REMOVAL OF THE SCSI ADAPTOR 
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THE PDD LEARNS FROM THE PLUG AND PLAY 
MANAGER THAT THE SCSI-OTHER DEVICES 
ATTACHED TO A PARTICULAR SCSI ADAPTOR HAVE 
BEEN REMOVED 
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TO PROVIDE ACCESS TO THE SCSI-CLASS DEVICES 
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THE PDD REISSUES FAILED REQUESTS TO THE DISK 

DEVICES 
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FIELD OF THE INVENTION 

The invention relates generally to fault tolerant computer 
systems and, more particularly, to mechanisms for fault 
tolerant access to storage subsystems. 

10 

BACKGROUND OF THE INVENTION 

Storage devices, such as disk drives, typically attach to 
and communicate with a computer system over a SCSI bus. 
Other devices, such as the key board and system processor, 
communicate with the storage devices over a system I/O bus 15 
such as a PCI bus. To facilitate communication between the 
devices on the two busses, a SCSI adaptor plugs into both 
busses. The SCSI adaptor is essentially a translator, which 
receives generic commands generated by the system 
components, and translates the commands to specialized 20 
commands for the particular storage devices that are 
attached to the SCSI bus. The system components thus have 
to know only the types, or classes, of storage devices 
available, and not the specifics of the devices. 

During system boot-up, a SCSI port driver, either alone or 
in conjunction with a plug and play manager, identifies the 
devices that are accessible through the SCSI adaptor by 
relative location and class, e.g., disk or tape drive. If the 
system is operating in, for example, a Windows NT 3Q 
environment, the operating system then creates far the 
identified devices a set of device objects that can be used by 
the system components, to direct the generic data transfer 
commands to the respective storage devices. 

To add fault tolerance to such a system, it is desirable to 35 
include in the system one or more additional SCSI adaptors 
that provide redundant paths from the PCI bus to the SCSI 
bus, and thus, to the storage devices. Adding the redundant 
SCSI adaptors to a system that uses Windows NT, however, 
causes the system to create additional sets of device objects 40 
for the storage devices. Specifically, the system creates one 
set that corresponds to the storage devices that are accessible 
through the first SCSI adaptor, a second set for the storage 
devices that are accessible through the second SCSI adaptor 
and so forth. Accordingly, each storage device is identified 45 
by multiple device objects, which may confuse or cause 
other problems for data transfer operations. 

SUMMARY OF THE INVENTION 

The inventive system includes a port duplex driver (FDD) 50 
that creates a "virtual SCSI adaptor," to control the opera- 
tions of one or more conventional SCSI adaptors. 

During boot-up operations or when the status of a device 
on the SCSI bus changes, the PDD identifies the virtual 
SCSI adaptor as the only adaptor that provides access to the 55 
storage devices on the SCSI bus. The system then assigns a 
single set of device objects to the storage devices and data 
transfer commands are directed to the storage devices 
through the virtual adaptors using the device objects. The 
PDD thereafter intercepts the commands that are directed 60 
through the virtual SCSI adaptor, and redirects them to a 
selected one of the actual SCSI adaptors. The selected SCSI 
adaptor then operates in a conventional manner, to translate 
the generic commands to device -specific commands for the 
storage devices, and so forth. 65 

If the selected SCSI adaptor fails, the PDD redirects the 
data transfer operations instead through one of the redundant 
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SCSI adaptors. The failure does not affect the remainder of 
the system, which continues to conduct data transfer opera- 
tions through the virtual SCSI adaptor. 

The PDD may create the virtual SCSI adaptor even for 
configurations in which a single SCSI adaptor is connected 
to the SCSI bus. In this way, one or more redundant SCSI 
adaptors may be added at a later time and mapped by the 
PDD to the existing virtual SCSI adaptor, without affecting 
the way in which the remainder of the system conducts data 
transfer operations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompa- 
nying drawings, of which: 

FIG. 1 is a functional block diagram of a system con- 
structed in accordance with the invention; 

FIG. 2 is a flow chart of boot-up operations of the system; 

FIG. 3 is a more detailed functional block diagram of the 
system; 

FIGS. 4-5 are more detailed flow charts of the operations 
system of FIG. 1; 

FIG. 6 is a functional block diagram of an alternative 
SCSI adaptor in the systems of FIG. 1; 

FIG, 7 is a flow chart of the operations of the system when 
a SCSI adaptor fails; and 

FIG. 8 is a flow chart of the operations of a port duplex 
driver when a SCSI adaptor fails; 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

Referring to FIG. 1, a computer system includes an I/O 
bus 10 that handles communications for various system 
components 12, such as, for example, a system processor. 
The I/O bus 10 in the exemplary system is a PCI bus. One 
or more storage devices 14, such as disk drives and/or tape 
drives, that participate in data transfer operations with the 
system components 12 connect to the system over a SCSI 
bus 16. Two SCSI adaptors 20 and 22 interconnect the I/O 
bus 10 and the SCSI bus 16, to provide redundant paths for 
communications between the system components 12 and the 
storage devices 14. This configuration of the SCSI bus is 
referred to herein as"dual initiated" SCSI bus. If only a 
single SCSI adaptor 20 is included in the system, the 
configuration is instead referred to as a "single initiated" 
SCSI bus. As depicted in the drawing, the system includes 
redundant system processors 25 and redundant I/O busses 
10, to provide fault tolerant operation of the system proces- 
sors and the SCSI adaptors, the system processors in the 
exemplary system operate in lock-step, and thus, perform 
the same operations at the same times. 

Referring also to FIGS. 2 and 3, during system boot-up, 
a plug-and-play manager 32 that is connected to or resident 
on the system processor 12 calls on a PCI bus driver 34 to 
enumerate the devices on the PCI bus 10 (step 200). The PCI 
bus driver queries the devices on the PCI bus and identifies 
the SCSI adaptors 21 and 22 to the plug and play manager 
(step 202). The PCI bus driver will also identify any other 
devices (not shown) that are connected to the bus, however, 
for the following discussion these devices are not of interest. 

Referring also to FIGS. 2 and 3, during system boot-up, 
a plug-and-play manager 32 that is connected to or resident 
on the system processor 25 calls on a PCI bus driver 34 to 
enumerate the devices on the PCI bus 10 (step 200). The PCI 
bus driver queries the devises on the PCI bus and identifies 
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20 



the SCSI adaptors 20 and 22 to the plug and play manager 
(step 202). The PCI bus driver will also identify any other 
devices (not shown) that are connected to the bus, however, 
for the following discussion these devices are not of interest. 

The plug-and-play manager 32 consults a stored look-up 5 
table 33, to determine which driver to assign to each SCSI 
adaptor 20 and 22. Based on the contents of the table, the 
plug-and-play manager then assigns a port driver 36, which 
is referred to herein also as a mini-port driver, to each SCSI 
adaptor 20 and 22. 

In steps 204 and 206, the plug and play manager asks the 
mini-port driver to determine what is attached, for example, 
to the SCSI adaptor 20, that is, to enumerate the devices on 
the SCSI bus through that adaptor. In response to the request 
from the plug-and-play manager 32, the mini-port driver 36 15 
sends queries to the devices on the SCSI bus 16, by location 
through the SCSI adaptor 20. The individual devices 
respond by sending back a response that indicates that the 
device is a storage device. The mini-port driver next returns 
to the plug and play manager a list of the devices associated 
with the SCSI adaptor 20, and identifies each storage device 
on the list as a "SCSI other" device. The plug and play 
manager similarly requests that the mini -port driver 36 
enumerate the devices on the SCSI bus through the SCSI 
adaptor 22. The mini-port driver then queries the storage 
devices 14 through that adaptor. Each device responds to the 
query by sending back a response that indicates that the 
device is a storage device. The mini-port driver then returns 
a list of devices associated with the SCSI adaptor 20, and 
similarly identifies each storage device on the list as a SCSI 
other device. 

Tne plug and play manager 32 next enters the stored 
look-up table 33 to determine which drivers to assign to the 
various SCSI other devices. Based on the contents of the 
table 33, the plug-and-play manager 32 assigns to each of 
the SCSI other devices a port duplex driver 38 (step 208). 
The port duplex driver, or PDD, may be loaded at this time 
or it may have been pre-loaded during an earlier step in the 
boot-up operations When the PDD is loaded, it creates a 4Q 
"virtual SCSI adaptor" and identifies the virtual device to the 
plug-and-play manager. 

As a further step in the device enumeration operation, the 
plug-and-play manager 32 issues for each SCSI other device 
a request that the PDD 38 fist what is connected to the device 45 
(step 210). In the example, the plug-and-play manager first 
requests enumeration of a particular SCSI other device that 
is connected to SCSI adaptor 20. 

The operations of the PDD 38 are discussed with refer- 
ence to FIG. 4. In response to a request from the plug-and- 50 
play manager 32, the PDD enumerates the particular SCSI 
other device by sending a query to the corresponding storage 
device 14 through the associated SCSI adaptor 20 (step 400). 
The storage device responds by returning its serial number 
and any other requested information to the PDD through the 55 
adaptor 20. When the PDD receives the response, the PDD 
determines if it has already queried this device through 
another path to the device (steps 402, 404). The PDD thus 
checks if the serial number contained in the response 
matches a serial number contained in any previously go 
received response. 

If the serial number does not match any of the previously 
received serial numbers, the PDD creates a new SCSI-class 
device and "attaches" the device to the virtual SCSI adaptor 
(step 406). The PDD then tells the plug and play manager 65 
that the configuration of the virtual SCSI adaptor has 
changed (step 408). The PDD also internally maps the 
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storage device 14 to the newly created SCSI-class device, 
and maps the SCSI adaptor 20 to the virtual adaptor (steps 
410, 412). 

If the serial number in the response from the associated 
storage device matches a serial number in a previous 
response, the PDD determines that the SCSI bus is dual 
initiated (step 414). The PDD then internally maps the 
storage device to the corresponding SCSI-class device 
attached to the virtual SCSI adaptor (step 410). Further, the 
PDD internally maps the associated SCSI adaptor, in the 
example, adaptor 20, to the virtual SCSI adaptor (step 412). 

After mapping the SCSI other device to the appropriate 
SCSI-class device that is attached to the virtual SCSI 
adaptor, the PDD notifies the plug and play manager that no 
devices are attached to the SCSI other device (step 416). 

The PDD operates in the same manner in response to the 
requests by the plug and play manager to enumerate each of 
remaining the SCSI other devices attached to the SCSI 
adaptor 20. The PDD also operates in the same manner in 
response to the requests by the plug and play manager to 
enumerate each of the SCSI other devices attached to the 
SCSI adaptor 22. When the PDD has responded to the last 
enumeration request, the PDD has internally mapped the 
SCSI other devices to a single set of SCSI-class devices that 
are attached to the virtual SCSI adaptor. 

Referring also to FIG. 5, when the plug and play manager 
is notified by the PDD that the configuration of the virtual 
SCSI adaptor ahs changed, the plug and play manager 
requests that the PDD enumerate the devices connected to 
the virtual SCSI adaptor (step 500). In response to the 
request from the plug and play manager, the PDD provides 
a list of the SCSI-class devices then known to the PDD (step 
502). The plug and play manger then consults its table 33 to 
assign to the listed SCSI -class devices the appropriate 
SCSI-class drivers 40 (FIG. 3) (step 504). The plug and play 
manager thus assigns an appropriate disk device driver to 
each SCSI-disk device and an appropriate tape device driver 
to each SCSI-tape device. The plug and play manager the, in 
a conventional manner, asks the assigned SCSI-class drivers 
40 to separately enumerate each SCSI-class device (step 
506). 

In response to a request from the plug and play manager, 
a given SCSI-class driver directs a request to read partition 
information and so forth to a particular SCSI-class device on 
the list. The request is directed to the SCSI -class device 
through the virtual SCSI adaptor. The PDD thus intercepts 
the request and re -directs it through a selected SCSI adaptor 
20 or 22 to the associated storage device 14. The selected 
SCSI adaptor then acts in a conventional manner to provide 
the requested access to the disk or tape device. The SCSI- 
class drivers 40 continue to enumerate each of the SCSI- 
class devices listed as attached to the virtual SCSI adaptor, 
and the PDD continues to direct associated requests through 
the selected SCSI adaptor to the corresponding storage 
devices 14. 

When the SCSI-class drivers 40 have enumerated the 
SCSI-class devices and provided the necessary information 
to the plug and play manager 32 and the mini-port drivers 
36, as appropriate, the plug and play manager and/or the 
mini -port driver then operate in a conventional manner to 
identify the SCSI disk devices and SCSI tape devices to the 
operating system (step 508). The operating system then 
assigns a set of device objects to the SCSI disk and tape 
devices in a conventional manner. Non-storage devices on 
the SCSI bus, depicted in FIG. 3 as blocks 15, are treated in 
a conventional manner by the mini-port driver. These 
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devices are similarly assigned appropriate SCSI class drivers 
42 (FIG. 3) and device objects, also in a conventional 
manner. 

The operations of the mini-port driver and the PDD 
ensure that each storage device will be assigned a single 5 
device object, regardless of how many SCSI adaptors pro- 
vide access to the storage device. When a generic data 
transfer command is addressed to a given storage device 14 
using the assigned device object, the PDD 38 intercepts the 
command and redirects it to the corresponding storage 10 
device through the selected one of the SCSI adaptors 20 or 
22. The selected SCSI adaptor then operates in a conven- 
tional manner, to translate the command to a device-specific 
command, and so forth. 

Referring now to FIG. 6, the SCSI adaptors 20 and 22 15 
may be single-ported and connect, respectively, to one SCSI 
bus as depicted in FIG. 1. Alternatively, as depicted in FIG. 
6, the SCSI adaptors may be dual-ported and thus each 
connect to redundant SCSI busses 16 and 17. The two SCSI 
adaptors 50 and 52 depicted in the drawing each have 20 
primary and secondary ports 50 o and 50i and 52 0 and 52 ly 
respectively. The primary port for each adaptor is, for 
example, the port with the lowest address, namely, 50 0 or 
52 0 . The hardware is configured such that the primary port 
50 0 of the SCSI adaptor 50 connects to one SCSI bus, in the 25 
example, the bus 16, and the secondary port 50 a of the 
adaptor connects to the second SCSI bus 17. The second of 
the SCSI adaptors has its primary port 52 0 connected to the 
SCSI bus 17 and its secondary port 52 1 connected to the 
SCSI bus 16. 30 

With dual-ported SCSI adaptors, the PDD 38 selects one 
SCSI adaptor for use on one bus and another for use on the 
other bus, in order to load share between the two SCSI 
adaptors. In the example, the PDD selects the SCSI adaptor 3J 
50 for use on the SCSI bus 16, which is connected to the 
primary port 50 0 of the adaptor. Similarly, the PDD selects 
the SCSI adaptor 52 for use on the SCSI bus 17. The PDD 
could instead select to use the adaptors on the busses that are 
connected to the secondary port of each adaptor, with the 4Q 
same load sharing result 

Referring now to FIGS. 3 and 7, if the selected SCSI 
adaptor, for example, adaptor 20, fails, the plug-and-play 
manager 32 receives a message from a hardware monitoring 
subsystem (not shown) that something in the storage sub- 45 
system has changed at the PCI bus level. Alternatively, the 
error message may be sent by the PDD 38, which receives 
error messages in response to requests sent through the 
failed adaptor (step 700). In response, the plug-and-play 
manager 32 generates an interrupt and asks the PCI bus 50 
driver 32 to again enumerate the PCI bus (step 702). The PCI 
bus driver now identifies only one SCSI adaptor, namely, the 
operative adaptor 22 (step 704). 

The plug-and-play manager 32 next removes its prior 
listing of the failed SCSI adaptor 20 and the associated SCSI 55 
other devices (step 706). The plug and play manager then 
notifies the PDD 38 of the removal of each SCSI other 
device attached to the failed adaptor, and notifies the mini- 
port driver of the removal of the failed SCSI adaptor (steps 
708-710). 60 

The plug and play manager still sees the storage devices 
14 as attached to the virtual SCSI adaptor, and thus, the plug 
and play manager does not see any change in the way data 
transactions are made with those devices. Accordingly, the 
plug and play manager determines that adaptor failure does 65 
not affect the data transfer operations, and no error message 
is required to be sent. 
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Referring now also to FIG. 8, when the SCSI other 
devices attached to the SCSI adaptor 20 are removed by the 
plug and play manager, the PDD 38 selects the operative 
SCSI adaptor 22 for use in the data transfer operations (steps 
800-802). Further, for those devices that are disk devices, 
the PDD controls a reissue, through the operative SCSI 
adaptor 22, of any requests that were directed through the 
failed adaptor 20 are now associated with error messages 
(step 804). For those devices that are tape devices, the PDD 
passes information relating to the failed requests back 
through the system to the applications that issued the 
requests (step 806). The applications then re-issued the 
requests in a conventional manner. 

After failures inoperative SCSI adaptor may be rep , 
replaced and/or removed, without altering the way in which 
the system components 12 perform future data transfer 
operations. If the failed SCSI adaptor is repaired or replaced, 
the adaptor is enumerated and the PDD changes its internal 
mappings to the virtual SCSI adaptor and the associated 
SCSI-class devices attached to the virtual SCSI adaptor, to 
again include the redundant path to the devices. The PDD 
may then change its adaptor selection, to revert to the 
repaired or replaced adaptor for load sharing. 

Instead of using the mini-port driver essentially to dis- 
guise the storage devices 14 as SCSI other devices, the 
system may use a filter driver that is inserted into the driver 
stack of the storage devices to intercept and respond to SCSI 
bus enumeration requests. In the response, the filter driver 
identifies the storage devices as a special class of device that 
is handled by the PDD, and the PDD then operates in the 
manner described above. This allows the mini-port driver to 
operate in a conventional manner, to identify various non- 
storage devices that fall into the conventional SCSI other 
class. In any event, conventional SCSI adaptors are used. 

The foregoing description has been limited to a specific 
embodiment of this invention. It will be apparent, however, 
that variations and modifications may be made to the 
invention, such as the redundant SCSI bus adaptors may be 
bus adaptors for busses such as the USB, IEEE 1394, IBM 
serial storage architecture bus, Infiniband, IBM ESCON, or 
fiber channel, with the attainment of some or all of its 
advantages. Therefore, it is the object of the appended 
claims to cover all such variations and modifications as 
come within the true spirit and scope of the invention. 

What is claimed is: 

1. A computer system including: 

A. one or more storage devices connected to a first bus; 
B one or more system components that connect to a 
second bus and communicate with the storage devices; 

C. one or more bus adaptors for transferring communi- 
cations to and from the second bus and the storage 
devices on the first bus; 

D. a port duplex driver for mapping one or more com- 
munications paths to the storage devices through the 
one or more bus adaptors to a communication path 
through a virtual bus adaptor, 

E. object means for assigning to each storage device on 
the first bus a device object that corresponds to the 
communications path through the virtual bus adaptor, 
the object means informing the system components of 
the assigned device objects; and 

F. the port duplex driver further re-directing to a selected 
one of the bus adaptors communications from the 
system components that include the assigned device 
objects. 
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2. The computer system of claim 1 further comprising: E. re-directing to a selected one of the bus adaptors the 

a. a mini-port driver that identifies the storage devices as communications that are directed through the virtual 

belonging to a given special class of device, and A ^ s ada P to ^ to r * c . st ° ra 8* devices. 

, . , . 9. The method of claim 8 wherein the step of determining 

b. a plug and play manager that associates the given mat lhe one or more storage devices are accessible over the 
special class of device with the port duplex driver. first communication bus includes: 

3. The computer system of claim 1 wherein the first bus { queries tQ ^ stQrage devices through eaCQ of 
is a SCSI bus and the second bus is a system I/O bus, the one 0f more bus adaptors and receiving responses 

4. The computer system of claim 3 wherein the system I/O from lhe storage devices through each of the one or 
bus is a PCI bus. more Dus adaptors, 

5. The computer system of claim 1 wherein the port i{ identifying the storage devices as devices that are 
duplex driver changes the selection of the bus adaptor from controlled by a port duplex driver, 

a previously selected bus adaptor that has failed to an {ii re p 0rtm g by the port duplex driver that the storage 

operative bus adaptor. devices are accessible through the virtual bus adaptor. 

6. The computer system of claim 5 wherein the port lO.The method of claim 9 wherein the step of reporting by 
duplex driver re-issues to the operative bus adaptor the me por t duplex driver includes 

communications that were directed to the failed bus adaptor a . determining that the one or more bus adaptors provide 

after the failure. redundant paths to the storage devices, and 

7. The computer system of claim 1 further comprising: D> mapping the bus adaptors that provide the redundant 

G. additional storage devices connected to another first 2Q path to the same virtual bus adaptor. 

bus, 11. The method of claim 10 wherein the step of deter- 

H. the one or more bus adaptors are dual ported, and mmin S redundant paths further includes 

T , . j. i j • i. c. identifying the storage devices as special devices that 

I. the port duplex driver selects one bus adaptor for use on J & , , r £ , . , 

r „ . r , ,.~ t , , , r e it _ are accessible through each of the bus adaptors; and 

one first bus and a different bus adaptor for use on the , . . , . * , . . , , , , 

other first bus 25 associating the special devices with the port duplex 

8. A method of operating a computer system, the method *„ < * I 5[ er * , , „ , . . , ■ 
„ ■ • , u ♦ e 12 * The method of claim 11 wherein the port duplex 

comprising the steps of: , . r v 

/ i • - i a * dnver: 

A. determining that one or more storage devices are . .« c . , , _« 

.* , & £ , . 4 . * 4 , , e. in the step of reportmg further includes reporting the 

accessible over a first communications bus through one . , , , 4 ♦ j • a • 

, , x m virtual bus adaptor and the storage devices as devices 

or more bus adaptors: *> u . ,. . . , f , , 

r ' to which the system assigns device objects, and 

B. mapping the one or more bus adaptors to a virtual bus f in mc st of rCMdilBCling i ncludcs re -directing 
adaptor and presenting to system components that tQ & bus ^ ^ communications that 
communicate with the storage devices a communica- include the device oW ts ^ arc ^ d tQ thc 
tion path through the virtual bus adaptor to the storage ^ storage devices 

devices; ^ ^ memod Q f c [ aml 9 wherein the step of mapping 

C. assigning to each storage device on the first commu- further includes mapping a newly added bus adaptor to the 
nications bus a device object that corresponds to the virtual bus adaptor if the newly added bus adaptor provides 
communications path through the virtual bus adaptor; a redundant path to the storage devices. 

D. informing the system components of the assigned 

device object, and ***** 
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